An invasive micropapillary variant (IMPV) has recently been described in several organs but has not been reported in the gallbladder. It has been mentioned to have aggressive behavior with a high propensity for lymphovascular invasion, lymph node metastasis and poor clinical outcome. We analyzed the clinicopathologic findings of IMPV and compared them with those of a conventional adenocarcinoma in the gallbladder to clarify the highly aggressive potential of IMPV of gallbladder carcinoma. Ninety consecutive cases of surgically resected gallbladder carcinomas were studied for age, gender, type, depth of invasion and lymph node and distant metastases. Histologically, IMPV of gallbladder carcinoma was characterized by a small cluster of tumor cells lying within clear stromal spaces. This pattern mimicked extensive lymphatic invasion, but the cluster of tumor cells showed a distinctive retraction artifact from the surrounding stroma. In total, 20 (22.2%) cases had foci of IMPV, which ranged from 5% to 10% of the primary tumor tissue. Of those 20 cases, 17 (85.0%) carcinomas with IMPV also included lymph node metastasis, which was more frequent than in conventional carcinoma (32.8%, P < 0.001). Carcinomas with IMPV had a more advanced tumor status and showed severe lymphatic invasion (P = 0.001, P < 0.001, respectively). A multivariate regression analysis demonstrated that the presence of IMPV is an independent predictor of regional nodal metastasis (Odds ratio: 9.995, 95% confidence interval: 1.996-50.052, P = 0.005). IMPV is a useful predictor of regional lymph node metastasis in gallbladder adenocarcinoma.
ABSTRACT
An invasive micropapillary variant (IMPV) has recently been described in several organs but has not been reported in the gallbladder. It has been mentioned to have aggressive behavior with a high propensity for lymphovascular invasion, lymph node metastasis and poor clinical outcome. We analyzed the clinicopathologic findings of IMPV and compared them with those of a conventional adenocarcinoma in the gallbladder to clarify the highly aggressive potential of IMPV of gallbladder carcinoma. Ninety consecutive cases of surgically resected gallbladder carcinomas were studied for age, gender, type, depth of invasion and lymph node and distant metastases. Histologically, IMPV of gallbladder carcinoma was characterized by a small cluster of tumor cells lying within clear stromal spaces. This pattern mimicked extensive lymphatic invasion, but the cluster of tumor cells showed a distinctive retraction artifact from the surrounding stroma. In total, 20 (22.2%) cases had foci of IMPV, which ranged from 5% to 10% of the primary tumor tissue. Of those 20 cases, 17 (85.0%) carcinomas with IMPV also included lymph node metastasis, which was more frequent than in conventional carcinoma (32.8%, P < 0.001). Carcinomas with IMPV had a more advanced tumor status and showed severe lymphatic invasion (P = 0.001, P < 0.001, respectively). A multivariate regression analysis demonstrated that the presence of IMPV is an independent predictor of regional nodal metastasis (Odds ratio: 9.995, 95% confidence interval: 1.996-50.052, P = 0.005). IMPV is a useful predictor of regional lymph node metastasis in gallbladder adenocarcinoma.
Gallbladder cancer has geographic and ethnic variation throughout the world and is a highly fatal malignant tumor. Chile, Mexico and Bolivia have the highest incidence rates in the world. In the United States, cancer of the gallbladder accounts for 0.17% of all cancers in males and 0.49% in females (7) . In Japan, cancer of the gallbladder accounts for 1.25% and 3.49% of the cancer deaths among men and women, respectively (12) . The poor prognosis of this disease is due to the anatomic position of the gallbladder and the nonspecific symptoms and signs. These characteristics of gallbladder carcinomas result in advanced primary tumors and lymph node metastasis at the time of diagnosis. However, with the recent advances in preoperative imaging, early gallbladder carcinomas have currently been diagnosed more frequently and radical aggressive surgery has been performed; both of these have led to an improvement in the survival rate (16) . The spread of cancer cells via the lymphatics to regional lymph nodes is an important early event during tumor progression, and lymph node metastasis is a key factor in the staging of human cancers ing. In cases where the distinction of lymphovascular invasion from IMPV was difficult based on H&E-stained slides alone, lymphovascular invasion was confirmed by highlighting the lymphatic endothelial cells immunohistochemically positive for podoplanin (D2-40). The degree of lymphatic, venous and nervous invasion was classified as: 0, no invasion; 1, mild invasion; 2, moderate invasion; and 3, severe invasion according to the Classification of Biliary Tract Carcinoma (10) . Categorical variables such as gender, tumor grade and lymph node status were summarized by frequencies and percentages. Quantitative variables were summarized by mean, range and standard deviation (SD). We analyzed the relationship between IMPV in gallbladder carcinoma and the clinicopathologic findings.
Immunohistochemistry. Immunohistochemical staining for podoplanin was performed on 4 μm thick formalin-fixed paraffin-embedded sections. Antigen retrieval was not used for D2-40 immunostaining. Slides were incubated with D2-40 (mouse monoclonal, pre-diluted; Biocare Medical, Concord, CA) antibody for 30 min at room temperature. Staining was performed on a Ventana NexES IHC staining Module using the iVIEW DAB paraffin system (Ventana), according to the manufacturer's recommendations.
Statistical analysis.
Fisher's exact test was used to compare categorical variables among carcinomas with or without IMPV. An independent Student's t-test was used to compare age. Multivariate regression analyses were performed by a logistic regression analysis to assess the Odds ratio and 95% confidence interval of each variable for predicting lymph node metastasis. The P values were two-sided, and P values of < 0.05 were considered statistically significant. We used SPSS software, version 11.0 (SPSS, Inc., Chicago, IL, USA).
RESULTS

Pathologic findings
Microscopically, IMPV was easily observed at low magnification, which ranged from 5% to 10% (mean ± SD: 7.25 ± 3.43, data not shown) of the entire gallbladder tumor tissue and was present at the invasive edge of the tumor. The differentiated adenocarcinoma existed on top of IMPV (Fig. 1a) . IMPV was characterized by small nests of tightly cohesive tumor cells without fibrovascular cores and surrounded by clear stromal spaces (Fig. 1b) . The cells (25, 26) . Despite the major role of the lymphatics in the initial spread of cancers, little is known about the mechanisms (27) . In a recent study, the five year survival rate after surgery in patients with lymph node metastasis was lower than that of patients without lymph node metastasis (22.2% vs. 52.6%) (22) . Thus, it is very important to analyze this new prognosis factor for the outcome of gallbladder carcinoma. Recently, an invasive micropapillary variant (IMPV) has attracted major interest, as it is highly aggressive with a propensity for lymphovascular invasion and lymph node metastasis in several organs including the breast, urinary bladder and lung (1-3, 15, 19, 24, 31) . One of the characteristic features of IMPV is the small clusters of tumor cells that lie within clear stromal spaces (28) . To the best of our knowledge, this is the first report of IMPV of gallbladder carcinoma. The purpose of this study was to clarify the highly aggressive potential of IMPV of gallbladder carcinoma. We examined whether the presence of IMPV in gallbladder carcinoma can be used to predict the presence of lymph node metastasis.
MATERIALS AND METHODS
Gallbladder tissue specimens. A total of 90 consecutive cases of gallbladder carcinoma were retrieved from the archival files of The Hirosaki University Hospital (Aomori, Japan) and The Tokai University Hospital (Kanagawa, Japan). The surgically resected specimens were fixed routinely in 10% formalin, and the whole tumor nodules were processed into paraffin blocks for pathologic examination. Tissue sections were cut 5 μm thick, including the largest cut surface of the tumor, and stained with hematoxylin and eosin (H&E). In cases with stromal desmoplasia in the metastatic foci of the lymph node with IMPV, tissue sections were stained with Masson's trichrome following the standard procedure for evaluating stromal components.
Pathologic evaluation. H&E-stained slides of all specimens available for each patient were reviewed prospectively and the diagnoses (i.e., histologic type, depth of invasion, lymph node metastasis and distant metastasis) were determined based on established criteria (7) . The presence or absence of IMPV was evaluated on all available H&E-stained surgical excision specimens. We defined IMPV as a separation of tumor cells and nests from the surrounding stroma by a clear space without an endothelial lin-IMPV proliferated with stromal desmoplasia (Fig. 2c ). Masson's trichrome staining identified rich existence of collagen fibers and fibroblasts in the stromal desmoplasia (Fig. 2d) .
Clinicopathologic findings
The clinicopathologic findings of gallbladder carcinoma with and without IMPV are summarized in Table 1 . The mean age at the time of diagnosis was had a large eosinophilic cytoplasm with moderately to highly pleomorphic nuclei (Fig. 1c) . The clusters of tumor cells showed a distinctive retraction artifact from the surrounding stroma, and this pattern mimicked extensive lymphatic invasion (Figs. 1d and  1e) ; however, these spaces were devoid of endothelial lining (Fig. 1f) . The lymph node metastasis also showed micropapillary features (Figs. 2a and 2b) . Metastatic foci of the lymph node in cases with with IMPV accounted for 25% (10/40) of the cases, while primary tumors without IMPV/lymph nodes without IMPV comprised 55% of the cases (22/40) (P < 0.001). The results of the multivariate analysis for lymph node metastasis are summarized in Table 3 . The presence of IMPV was significantly associated with lymph node metastasis (P = 0.005, Odds ratio: 9.995, 95% confidence interval: 1.996-50.052). The degree of venous invasion was significant, but the Odds ratio and 95% confidence interval were not significant (P = 0.049, Odds ratio: 0.118, 95% confidence interval: 0.036-0.990).
DISCUSSION
In this study, we showed that the presence of IMPV was an independent predictor of lymph node metastasis in gallbladder carcinoma. This is the first report of gallbladder IMPV associated with lymph node metastasis. IMPVs of carcinomas have been described in several organs, including the breast, urinary bladder, 66.0 years (range 40-92 years), and there were 39 men and 51 women. The gender and mean age were not significantly different between the groups (P = 0.610, P = 0.220, respectively). IMPV was identified in 20 of the 90 cases (22.2%). All of the histologic types were adenocarcinoma, and these were divided into well, moderately or poorly differentiated types. However, there was no association with histologic type (P = 0.518). Carcinomas with IMPV were more advanced in tumor status (P < 0.001), and 17 of 20 (85.0%) carcinomas with IMPV had lymph node metastasis; this was significantly higher than that of non-IMPV (32.8%, P < 0.001). Distant metastases were seen in 4 of the 20 cases (20%), and this was significantly higher than that of the conventional adenocarcinomas (2.8%, P=0.021). Carcinomas with IMPV showed severe lymphatic invasion and venous invasion (P < 0.001, P = 0.011, respectively). The degree of nervous invasion was not significantly associated with IMPV (P = 0.144). We next focused on the 40 cases positive for lymph node metastasis, which are summarized in Table 2 . Primary tumors with IMPV/lymph nodes salivary gland, lung and colon. Previous studies have reported that carcinomas with IMPV correlated significantly with lymphovascular invasion and lymph node metastasis (1-3, 13, 15, 18, 19, 21, 24, 31) . Our data also showed that carcinomas with IMPV had a significantly higher rate of lymphovascular invasion and lymph node metastasis, compared with conventional gallbladder carcinoma. These results suggest that IMPV, which was characterized by small nests of tightly cohesive tumor cells, could easily invade the lymphatic vessels, but the mechanisms of lymphatic invasion are largely unknown. Traditionally, tumor cells must first invade either blood or lymphatic vessels to be disseminated. The (4) . The main precursors of myofibroblasts are fibroblasts. The transdifferentiation of fibroblasts into myofibroblasts is modulated by cancer cell-derived cytokines, such as transforming growth factor-beta. Transforming growth factorbeta causes cancer progression and induces the epithelial-mesenchymal transition through paracrine and autocrine effects. A recent study demonstrated that myofibroblasts in the tumor microenvironment correlate with carcinomas and stimulate tumor progression, leading to a high frequency of loss of heterozygosity (14, 17) . Based on the above evidence, we speculate that stromal desmoplasia is associated with IMPV tumor progression. Patient prognosis for IMPV has not been clarified extensively. However, it is well known that lymph node metastasis is one of the most important prognostic factors in gallbladder cancer (5, 23, 30) , and several prior studies of the other organs have shown a strong association between IMPV histology and shortened patient survival (11, 20, 21) . We speculate that the patient prognosis of carcinomas with IMPV is poorer than a conventional carcinoma of the gallbladder.
In conclusion, we demonstrated that the presence of IMPV was an independent predictor of gallbladder carcinoma lymph node metastasis. Therefore, this feature could be a significant histologic prognosis factor of survival, and the presence of IMPV should be referred to in pathology reports, even blood vasculature contains a basal membrane, smooth muscle cells and pericytes surrounding the blood vascular endothelial cells. In contrast, the lymphatic vessels consist of a single layer of lymphatic endothelial cells, which are not surrounded by pericytes, smooth muscle cells or a regular basement membrane (29) . It is possible that due to these differences of structure, the entry of small nests of tightly cohesive tumor cells into the lymphatic vasculature might be facilitated by the higher permeability of lymphatic vessels (Figs. 1d and 1e) .
The invasive micropapillary carcinoma of gallbladder had 4 histological characteristics: (I) IMPV ranged from 5% to 10% of the entire tumor tissue, which was present at the invasive edge of the tumor; (II) the differentiated adenocarcinoma usually existed on top of IMPV; (III) early stage carcinomas with IMPV were not found; and (IV) IMPV proliferated with stromal desmoplasia in metastatic foci of the lymph node. We have not yet observed any tumors completely composed of IMPV. Components of IMPV varied in the tumors of the other organs. Previous studies have reported that IMPVs ranged 5% to 95% in breast cancer (31), 5% to 60% in colorectal cancer (8) and 10% to 80% in urinary bladder cancer (6) . Importantly, IMPV had a highly aggressive potential for lymph node metastasis even when it was present as a small component. In addition, IMPV arose in the conventional adenocarcinoma during carcinoma development, as no IMPVs were identified in any cases of early stage carcinoma. Interestingly, the same histology of IMPV was found in the foci of lymph node metastases and showed significant stromal desmoplasia with fibroblasts and collagen fibers. The findings suggest that the stromal desmoplasia of IMPV was associated with the epithelial-mesenchymal transition or the mesenchymal-epithelial transition. It is currently accepted that cancer is not just a disease of the cell but also the breakdown of the normal structure 
